INTRODUCTION
Obtaining external grant funding is a key milestone for research faculty. Such funds provide resources for conducting research and to meet milestones for tenure and promotion. 1 Information on the proportion of grant applications funded by the National Institutes of Health (NIH) and other funders is publicly available. For example, the funding rate of NIH research project grants (R01) has decreased from 31 to 20% over the last 15 years. 2 Much has been written about how low funding rates create barriers to research success. 3 However, it is not clear how many grant applications faculty must submit in order to have a high likelihood of being funded.
METHODS
The binomial distribution was used to determine the number of applications that must be submitted to achieve a desired probability of having at least 1 or 2 applications funded. The probability of having at least 1 application funded is 1-(1-f) n where f is the overall proportion of applications funded and n is the number of applications submitted. The probability of having at least 2 applications funded is 1-
. For each value of f ranging from 0.05 to 0.50 in increments of 0.05, the author calculated the smallest n needed to be 10, 20, …, or 90% certain of having at least 1 or at least 2 applications funded. Table 1 lists the number of grant applications that must be submitted to achieve a desired probability of having at least 1 application funded. Eight applications would need to be submitted to be 80% certain of having at least 1 application funded if the overall proportion of applications funded is 0.20. Fourteen applications would need to be submitted to be certain of having at least 2 applications funded (Fig. 1) . The number of applications needed decreases as the overall proportion of funding increases.
RESULTS

DISCUSSION
This analysis indicates that a very large number of grant applications are needed to fund research faculty, especially in the current environment of low funding rates. These findings have important implications for research faculty, department heads, and research policy. Research faculty will need to submit many grant applications to be reasonably certain of receiving some funding. Collaborating with others may be a way to increase the total number of applications. Focusing on funding opportunities with higher funding rates and avoiding opportunities with very low funding rates may also be a useful strategy. 3 Department heads and academic institutions should avoid basing decisions about research faculty retention or promotion on the results of a handful of grant applications. Other research indicators to consider in evaluating faculty include grant application scores, study section comments, promising pilot data, and research publications. Providing intramural funds of a larger amount and longer duration would also be helpful. Implications for research policy include the following questions. Is it feasible for researchers to submit so many applications in order to be funded? Is writing grant applications taking too much time away from actually conducting research? 4 Are promising research faculty being let go prematurely by academic institutions? How should the mismatch between the supply of researchers and the availability of research funding be addressed? 5 Some limitations must be considered in interpreting these findings. The analyses assumed that every application had an independent and average probability of success and that funding follows a binomial distribution. However, it is likely that the quality of the application and preliminary work, whether it is an initial submission or a resubmission, whether the applicant is an experienced or junior investigator, and the availability of support and mentorship at particular institutions will influence the likelihood of funding. These factors could be 
